We find an upper bound on the rate at which entanglement can be unlocked by classical bits. In particular, we show that for quantum information sources that are specified by ensambles of pure bipartite states, one classical bit can unlock at most one ebit.
where · · · denotes an average over all the possible states σ i1 ⊗ σ i2 ⊗ · · · ⊗ σ iN . Note that if E is an additive measure of entanglement then
Suppose now that after N consecutive uses of the source the supplier distributes the bipartite state σ i1 ⊗ · · · ⊗ σ iN to Alice and Bob without informing them about the values of i 1 , i 2 , etc. We assume, however, that Alice and Bob know the statistics of the source S AB and therefore, from their perspective, they end up sharing the state ρ ⊗N , with ρ ≡ i p i σ i . Hence, without the classical information about the values of i 1 ,...,i N , the average number of ebits (per one use of the source) shared between Alice and Bob is give by:
The difference E S AB − E ∞ (ρ) is therefore the maximum possible increment (per copy) in entanglement due to additional classical information. Hence, given a bipartite quantum information source S AB , and a bipartite measure * Electronic address: gour@math.ucalgary.ca of entanglement E, the maximum rate at which ebits (measured with E) can be unlocked by calssical bits is given by
where H({p i }) is the Shannon entropy of the distribution {p i }. In this paper we will assume that E is a proper measure of entanglement; that is, E is an entanglement monotone which is equal to the entropy of entanglement on pure states and which is also asymptotically continuous. We point out that one can also define the locking capacity, L ε , of a (bipartite) quantum channel ε as
where ε S AB ≡ {p i , ε(σ i )} and the maximum is taken over all possible quantum information sources.
. quantum information source that is specified by an ensemble of pure bipartite quantum states. Then, for any proper measure of entanglement, E, the maximum number of ebits that can be unlocked by one classical bit is bounded by
where ρ AB ≡ i p i |ψ i ψ i | and S(·) is the von-Neumann entropy.
Note that R E is always smaller than one and it is zero whenever S ρ
It is an open question whether R E can be zero for quantum information sources with S ρ AB > S ρ A − S ρ B . In the following proof, we will make use of some properties of the von-Neumann entropy. In particular, the vonNeumann entropy satisfies
which also implies that for pure decompositions σ i = |ψ i ψ i | we have
Proof. For pure states, any proper measure of entanglement equals to the entropy of entanglement which is additive. Thus,
and E(|ψ i ) = S(ρ 
The inequality above is usually strict although in [6] it has been shown that the regularized version of the entanglement of assistance equals min{S ρ A , S ρ B }. Now, since the distillable entanglement, D, provides a lower bound on any proper measure of entanglement, we find a lower bound for E ∞ (ρ AB ) using the hashing inequality [7] . The hashing inequality provides a lower bound on the 1-way distillable entanglement
where D A→B is the 1-way distillable entanglement. Similarly, we have a lower bound for D B→A which leads to
Now, from Eq. (3) and the fact that E ∞ ρ AB ≥ D ρ AB we have
Hence, since S ρ AB ≤ H ({p i }) we get the upper bound given in the theorem.
The theorem above can be trivially generalized to the case when the quantum information source is specified by an ensemble of pure multipartite states and the measure of entanglement is taken to be the localizable entanglement [8] or the entanglement of collaboration [9] . This is due to the following two facts: (i) the localizable entanglement (or the entanglement of collaboration) satisfies Eq. (3) and (ii) the distillable entanglement provides a lower bound for the localizable entanglement.
For quantum information sources that are specified by ensembles of mixed states it is much more complicated to find an upper bound for R E in general, and from the results in [4] it can be arbitrarily large (i.e. depending on the dimension or size of the Hilbert space). It is an interesting question whether R D ≤ 1, where D is the distillable entanglement.
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